Introduction
The PANTHER classification system is designed to be a comprehensive platform for the analysis of gene function on a genome-wide scale 1 . Although its initial aim was to classify gene and protein functions 2, 3 , it has evolved through the years to also serve as an online resource for experimental data analysis [4] [5] [6] . The easy-to-use user interface and timely user support have made PANTHER one of the most widely used online resources for gene function classification and genome-wide data analysis. Nearly 1,600 unique IP addresses access the PANTHER website with over 30,000 page views daily (please note that one IP address can have multiple users, so the actual number of users might be much larger). According to Google Scholar, over 11,000 publications have cited our work (5,000 of them since 2016). We believe that there are two main reasons that PANTHER is able to attract more users and may have an advantage compared to other tools in the field: first, as a GO consortium member, PANTHER is integrated into the GO curation process, especially the phylogenetic annotation effort 7 , and provides more up-to-date annotation data (updated monthly). Second, PANTHER provides support to more genomes than other tools do (~1,000) in collaboration with the Reference Proteome project 8 . PANTHER was initially released publicly in 2003, and quickly became a popular online resource for genome-wide analysis of gene functions on various experimental data, including gene expression, proteomics and genome sequencing data. Our original protocol was published in this journal in 2013 with detailed background information 6 . Since then, a number of system-wide updates and improvements have been made in order to meet the needs of the user community (Fig. 1) . The improvements have been made in four main areas, as described below. 1 Division of Bioinformatics, Department of Preventive Medicine, Keck School of Medicine, University of Southern California, Los Angeles, CA, USA. 2 Present address: School of Life Sciences, Guangzhou University, Guangzhou Higher Education Mega Center, Guangzhou, China. *e-mail: huaiyumi@usc.edu; pdthomas@med.usc.edu
Improved annotation data quality and coverage
All the analyses in PANTHER rely on the accuracy of the annotation datasets. During the past 5 years, improvements have focused on expanding the data coverage and accuracy in the following areas: 1 The PANTHER GO slim annotation datasets that were reported in the previous protocol now use the data from the GO phylogenetic annotation effort 7 . These are manually curated annotations to the ancestral nodes on PANTHER family trees based on the experimental annotations on their leaf descendants (extant genes). The annotation can be extrapolated to other leaf sequences (that have not been tested experimentally) under the annotated ancestral node. 2 The complete GO annotation datasets 9 have been incorporated into the PANTHER tools for analysis. They include both experimental and electronic annotations. The data are updated monthly. 3 To expand the coverage of pathway data, we have added Reactome pathway 10 datasets to the system. Our plan is to add more data from the Pathway Commons project 11 in the near future, including pathway databases (e.g., KEGG 12 , HumanCyc 13 and WikiPathway 14 ) and protein-protein interaction databases (e.g., IntAct database 15 and BioGRID 16 ). A detailed description of each of the above datasets available in PANTHER analysis tools can be found in Box 1.
Analysis of genotype data
To respond to the increasing requests from PANTHER users who apply the tool to analyze genetic variation data, including single-nucleotide polymorphism (SNP) data, from experiments such as Step 2
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Fig. 1 | Overview of PANTHER infrastructure and recent improvements. PANTHER consists of three modules. The core module is the PANTHER protein library (left, light blue background) that contains a collection of PANTHER families and subfamilies, each of which is represented by a phylogenetic tree, a multiple sequence alignment (MSA) and an HMM. The second module is the pathway module that contains expert-curated pathways from both PANTHER and Reactome (orange background). The pathway components are associated with protein sequences that are also used to build the protein library (red text); in this way, pathways are also linked to the subfamilies and HMMs. The third module is the tool suite. In this diagram, the gene list analysis tool is used as an example (blue background). Major updates and improvements have been made to the components highlighted in royal blue. Blue arrows surrounding the PANTHER Generic Mapping file indicate a new workflow available for users, which dramatically expands the number of organisms that can be analyzed with PANTHER (Box 4). There are three types of analysis that can be performed: functional classification, statistical over-representation test and statistical enrichment test. Numeric values must be provided for the statistical enrichment test. The corresponding procedure steps are labeled next to the arrows.
genome-wide association studies (GWASs) and genome sequencing, we have added a new feature to support genetic variant data in variant call format (VCF), which is a text file format for storing sequence variation data. Its specification can be found on GitHub at https://samtools.github. io/hts-specs/VCFv4.3.pdf. A sample VCF file can be found in Supplementary Data 1 for test purposes. Currently, only the over-representation test supports the analysis using VCF file format, and the human reference genome release GRCh38/hg38 is supported. Each variant is mapped to a gene if it is within the gene region or the flanking region specified by the user. To avoid artifacts, multiple variants in the same gene are counted only once, and a given variant can be associated with only a single gene. The statistical analysis is performed on the converted gene list as described in Box 2. Users are able to upload both a test list (or lists) and a reference list.
Improved statistical tests
To meet the current standard in the field, we have made the following improvements: 1 Fisher's exact test, with the Benjamini-Hochberg false discovery rate (FDR) correction 17 for multiple testing, has been added as the default algorithm for the over-representation test. 2 FDR correction has been added to the binomial distribution test. The option to use the original settings (binomial distribution test with Bonferroni correction) is still available in the configuration panel ( Step 6C(ii-iv)). 3 FDR correction has been added as one of the multiple testing correction methods to the enrichment test. More information about these tests can be found in Box 2.
Box 1 | Annotation datasets
There are nine annotation datasets, in four general data types, available in PANTHER for users to choose in their analysis. Below is a brief description of each of them.
PANTHER GO-Slim GO annotations from the phylogenetic curation effort are captured in 3,039 GO Slim terms. The annotation datasets use the data from the GO phylogenetic annotation effort 7 . These are manually curated annotations to the ancestral nodes on PANTHER family trees based on the experimental annotations on their leaf descendants (extant genes). The annotation can be extrapolated to other leaf sequences (that have not been tested experimentally) under the annotated ancestral node. There are three annotation datasets corresponding to three GO aspects in this data type:
Complete GO annotation datasets These datasets include complete GO annotations, both manually curated and electronic. Electronic annotations are generated by computer algorithm on the basis of sequence similarity; they are usually not reviewed by curators, and thus are less reliable. There are three datasets corresponding to three GO aspects in this data type:
• GO molecular function complete • GO biological process complete • GO cellular component complete
Pathways
The current PANTHER database includes two pathway datasets from the following two resources:
• PANTHER Pathway-PANTHER Pathway consists of over 177, primarily signaling, pathways, each with PANTHER subfamilies and protein sequences mapped to individual pathway components 19 .
• Reactome Pathways-Reactome is a freely available, open-source relational database of signaling and metabolic molecules and their relations organized into biological pathways and processes. The core unit of the Reactome data model is the reaction. Entities (nucleic acids, proteins, complexes, vaccines, anticancer therapeutics and small molecules) that participate in reactions form a network of biological interactions and are grouped into pathways 10 .
PANTHER Protein Class
The PANTHER Protein Class ontology was adapted from the PANTHER/X molecular function ontology 3 and includes commonly used classes of protein families, many of which are not covered by GO molecular function. There is one corresponding dataset in this data type.
An easier protocol to analyze genomes that are not in the PANTHER database
The current PANTHER (v.14.0) contains 131 of the most commonly researched genomes. One of the most frequent requests from PANTHER users is to include additional genomes beyond these 131. We have now dramatically simplified the steps for analyzing additional genomes. Before, users had to download a scoring tool to map their genes of interest to the PANTHER HMMs. This proved to be a major obstacle for researchers who were not highly trained in bioinformatics applications. To address this problem, we, in collaboration with InterPro 18 and UniProt Reference Proteomes 8 , implemented an easier process to support 877 additional Reference Proteome genomes. We have precalculated the PANTHER HMM hits for all of the genes in each Reference Proteome (with UniProtKB identifiers), and stored the results in PANTHER Generic Mapping file format. Users just need to convert their gene list to UniProtKB IDs, and upload them to the website. The list of these supported genomes can be found in Supplementary Table 1. In the following Procedure, we provide an updated step-by-step protocol for using the PANTHER tool, and subsequent sections present a detailed description of the anticipated results.
Box 2 | Statistical tests Statistical over-representation test
The input (or test) list is usually a list of genes or variants of interest. It can be a list of genes that are upregulated in the gene expression experiment, or a list of significant SNPs from a GWAS experiment, for example. The list is divided into groups based on annotation classification (molecular function, biological process, cellular component, PANTHER Protein Class or pathways). As many as four test lists can be uploaded for each analysis. A reference list, which usually contains all the genes/proteins from which the list was drawn, is divided into groups in the same way. PANTHER provides reference proteome datasets as default reference lists for all 131 genomes, so uploading a reference list is optional. If you work with genomes other than those 131, then you must prepare and upload a reference list. For each functional category (e.g., 'protein kinase' for GO Molecular Function, 'cell proliferation' for GO Biological Process or 'apoptosis signaling pathway' for PANTHER Pathway), the statistical test is applied to determine whether there is statistical over-or under-representation of genes/ proteins in the test list relative to the reference list. For P value calculation in the over-representation test, the 'expected' value is the number of genes you would expect in the test list for a particular PANTHER category, based on the reference list. For example, there are 20,000 genes in the reference list (e.g., the entire human genome); 440 of these genes map to the GO term 'induction of apoptosis'. Based on this, 2.2% (440 divided by 20,000) of the genes in the reference list are involved in induction of apoptosis. Now a test list that contains 500 genes is uploaded. Based on the reference list, it is expected that 11 genes (500 multiplied by 2.2%) in the test list would be involved in induction of apoptosis. If for this biological process more genes are observed in the test list than expected, you have an overrepresentation (+) of genes involved in induction of apoptosis. If fewer genes are observed than expected, you have an under-representation (-). A P value is calculated then to determine whether the over-or underrepresentation is significant. For example, let us assume that 21 genes are observed in the test list and are involved in induction of apoptosis. Although this is almost twice the expected value, the P value is large and not significant (0.722). Alternatively, 35 observed genes would be very different from the expected value, so you would expect a small, significant P value (here it would be 6.21 × 10 -7 ). This small P value indicates that the result is nonrandom and potentially interesting, and thus worth looking at in closer detail. A P value cutoff of 0.05 is recommended as a starting point. There are two statistical methods used in this test: Fisher's exact test and binomial test. They are both standard statistical methods commonly used in the field. Detailed descriptions of the methods can be found at https://en.wikipedia.org/wiki/Fisher%27s_exact_test (for Fisher's exact est) and https://en.wikipedia.org/ wiki/Binomial_distribution (for the binomial distribution test).
Statistical enrichment test
The algorithm used in this test is the Mann-Whitney rank-sum test (U test) 20 . A detailed description of the method can be found at https://en.wikipedia.org/wiki/Mann%E2%80%93Whitney_U_test. The statistical enrichment test is general enough to handle any numerical data, continuous or discontinuous, generated by experiments such as gene expression, proteomics or GWASs. First, a reference distribution is generated using all values from the input data (blue curve in Fig. 8 ). Although the test would work with any number of input genes, it is statistically meaningful to input all genes from the experiment, which could be the entire genome, or all genes on an array chip, for example. Then the entire list is divided into groups based on annotation classification (molecular function, biological process, cellular component, PANTHER Protein Class or pathways), and the distributions for each group are generated (red curve in Fig. 8 ). For each category in the classification, the probability that the distribution of input numerical values was drawn randomly from the reference distribution is calculated using the Mann-Whitney rank-sum test (U test) 20 . A P value cutoff of 0.05 is recommended as a starting point. If the test returns a result with a P value of <0.05, it means that the distribution of numeric values from the functional category was not drawn randomly from the reference distribution-in other words, the distribution is significant.
Materials Equipment
A laptop or desktop computer with a high-speed Internet connection is highly recommended. (ii) The second column should be the corresponding PANTHER family or subfamily ID (e.g., PTHR10078 or PTHR10078:SF1) and is used to look up the association to GO and PANTHER terms (molecular function, biological process and pathway). (iii) If you are uploading data for the statistical enrichment test tool, a third column is required that contains the numeric value of the experiment. 4 VCF: this is a text file format for storing sequence variation data. It was previously maintained by the 1000 Genomes Project. Currently, the group leading the management and expansion of the format is the Global Alliance for Genomics and Health Data Working group file format team. The VCF specification can be found on GitHub at https://samtools.github.io/hts-specs/VCFv4.3.pdf. c CRITICAL If you are using the statistical enrichment test, numeric values should be provided to a designated column as described above. No blank or letter-based entries (e.g., N/A) are allowed in that column.
System requirements

Supported IDs
If the 'ID list' file type is used, the IDs in the first column of the file must be from one of the following databases that are supported in the PANTHER system: 
Box 4 | PANTHER Generic Mapping
If you are working with a genome that is not one of the 131 in the PANTHER database, you can still use the tool. The back-end mechanism for such analysis is to convert your input list into a PANTHER Generic Mapping file, and then analyze. However, depending on the type of genome you are working on, there are two different approaches. We have precalculated the PANTHER Generic Mapping for all the Reference Proteome genomes. Therefore, if you are working with one of them, you can submit your list with UniProt IDs and the tool will take care of the rest. If you are working with a genome that is not in the Reference Proteome Project either, you can generate the mapping file using the PANTHER HMM scoring tool. The details of both approaches are described below.
A simple web interface If you are working with one of the Reference Proteome genomes, you can use this interface to analyze your data with our tools. There are 877 genomes supported by this protocol. The list can be found in the 'Organism for ID list' drop-down menu right below the 'IDs from Reference Proteome Genome' option on the home page (Fig. 2) . The details are described in the main text (Steps 2B and 4B). One crucial requirement is that UniProt IDs must be used in the uploaded list. We recommend that you use the UniProt ID-mapping tool to convert other IDs to UniProt ones. The tool can be found at https://www.uniprot.org/mapping/.
Score sequences using the PANTHER HMM library If the genome you are working with is not one of the Reference Proteome genomes, you will need to score your proteins against the PANTHER HMM library using the PANTHER Scoring Tool in order to generate the PANTHER Generic Mapping file. The PANTHER HMM library is a library of HMMER3 models 21 from over 1.7 million training sequences in 131 genomes. There are a total of over 120,000 models, of which 15,500 are family models and 104,500 are subfamily models. A subfamily model is built with a subset of genes in a family, often orthologs to each other, that carry out more specific biological functions. Each HMM model is annotated with a name, functions (GO terms) and pathways. The PANTHER Scoring Tool allows users to submit a large number of protein sequences in FASTA file format, score them against the PANTHER HMM library so that the sequence identifiers can be mapped to PANTHER HMM IDs and the functional groups can be annotated to them, and use them with the gene list analysis tools. UNIX and Perl are required on your computer in order for you to use the tool. The user needs to have basic knowledge of UNIX and Perl in order to complete the procedures described in this box. If you do not feel that you have adequate knowledge in these areas, you might want to get help from a colleague with the requisite technical expertise and knowledge, such as a bioinformatics support person. You can also send an e-mail to feedback@pantherdb.org for help. The location to Perl must be defined in your $PATH variable or specified by the users in the arguments. If you have any questions on how to set up $PATH, please contact your UNIX system administrator. The output file is a tab-delimited file in the following format: col 1: sequence ID col 2: PANTHER accession (PTHRnnnnn for family HMMs, PTHRnnnnn:SFnn for subfamilies) col 3: PANTHER family or subfamily name col 4: HMM E-value score, as reported by HMMER tool col 5: HMM bitscore, as reported by HMMER tool (not used by PANTHER) col 6: alignment range of protein for this particular HMM This file can be used as a PANTHER Generic Mapping file for the gene list analysis tool. By default, all results with E-value < 10 -3 are included in the file. However, the classification confidence is considered high when the E-value is <10
-23 , and medium when the E-value is <10 -11
. Users should feel free to filter the results depending on the confidence level of their choice. If the statistical enrichment test is used, the numeric values must be inserted in the third column. (i) If you prepared your file using Step 2B, select 'IDs from Reference Proteome Genomes'. You must also select an organism from the 'Organism for ID list' drop-down menu. The genome name used here is a combination of the species name and the organism mnemonic (a five-letter symbol) used to specify the strain. For details on organism mnemonics, please visit https://www.uniprot.org/taxonomy/. The list of organisms is also presented in Supplementary Table 1 . (C) File prepared using Step 2C (i) If you prepared your file using Step 2C, select 'PANTHER Generic Mapping'. (D) File prepared using Step 2D (i) If you prepared your file using Step 2D, select the VCF file format and specify a flanking region. A flanking region is the number of base pairs on either side of the gene on the chromosome, and is usually considered to be associated with the gene function by serving as the regulatory region of the gene. When an SNP is located in the flanking region, it will be mapped to the gene. By default, the tool uses 20 kb on either side of the gene as the flanking region for the analysis. 5 Select an organism from the drop-down menu, which lists the 12 'model organisms' first, followed by the remaining organisms ordered alphabetically. Note that organism selection was done for the 'IDs from Reference Proteome Genomes' option (Step 4B) and is not required for the 'PANTHER Generic Mapping' option (Step 4C). Table 1 for all genes in the list. The pull-down menu provides options for the save destination. One is the Workspace; you must register to save data to the Workspace, but the registration is free. When you make this selection, a pop-up window will ask you to name the list and add any comments. The name and comments can be edited at any time in the future from the Workspace page. Once the gene list is saved in your Workspace, it can be returned to at any time. Only the IDs are stored, and they are mapped to the internal PANTHER gene IDs, so when you access a list in the future, all the information will be updated and current. You also can export a list to a file; the list will be exported as a tab-delimited file. You can then import the file into Excel or perform any desired post-processing, or you can view the list as text on the website. (vii) Use the pie chart view by clicking on the colorful pie chart icon (the glossary provides the meaning of the abbreviations). See
Step 6B(i) for details about how to interpret the pie chart. webpage will open, and you can upload those lists there (Fig. 5b) . The detailed step-by-step procedure can be found in Box 5. On the configuration page, you can also change the 'Annotation' dataset from the drop-down menu. There are nine datasets to select. See Box 1 for the list and description of the datasets. the 'Launch Analysis' button after you modify the settings on the configuration page as in
Step 6D(ii-iv).
? TROUBLESHOOTING (vi) On the results page (Fig. 7) , you can export the result table in a tab-delimited file by clicking on the 'Export results' button or compare the distribution curve in graph view. To do so, check the box in front of the category or pathway of your interest, and then click on the 'Graph selected categories' button (Fig. 8) . ! CAUTION To use the 'Statistical enrichment' tool, make sure that the uploaded gene list contains a second column with numerical values.
Box 5 | Change/add gene list or reference list in the over-representation test
The over-representation test allows you to analyze up to four gene lists at a time. You can also upload your own reference list instead of using the default one. To do so, make sure the 'default' checkbox is unselected before you click on the 'Submit' button. On the configuration page (Fig. 5a) , click on the 'Change' button. A new webpage will open (Fig. 5b) , and you can do the following: 1 Click on the 'Browse' button. 2 Select the gene list from your computer.
3 Select the organism. The default is the organism selected when the first gene list is uploaded. 4 Select the list type. The default is the one selected when the first gene list is uploaded. 5 Click on 'Upload list'. 6 Steps 1-5 above can be repeated to upload up to four analyzed gene lists. 7 It is highly recommended to upload your own reference list file. The reference list should be the list of all the genes from which your smaller analysis list was selected. For example, in a list of differentially expressed genes, the reference list should contain only genes that were detected at all in the experiment, and thus potentially could have been on a list of genes derived from the experiment. 8 If the 'IDs from Reference Proteome Genome' option is selected, a default reference list is uploaded. If you decide to upload your own reference list, it has to be in the PANTHER Generic Mapping file format. 9 If the 'PANTHER Generic Mapping file' option is selected, a reference list in the same format must be uploaded here. 10 After all lists have been uploaded, click on the 'Finish selecting lists' button. The tool will return you to the selection summary panel page displaying the uploaded lists.
Troubleshooting
Troubleshooting advice can be found in Table 2 .
Timing
Step 1, launch website: instant
Step 2A, prepare input file: 15-30 min
Step 2B, prepare UniProt ID input file: <15 min
Step 2C, prepare the PANTHER Generic Mapping file: depends on the speed of the Internet; usually 15 min to download the data, and 10 min to run the script
Step 2D, gather the VCF files: instant Steps 3-6, using online tools: 10 min Box 4, step 1, downloading of scripts and data: 22 min Box 4, step 2, decompressing the downloaded scripts and data: 30 min Box 4, step 3, defining the location of the HMMER binaries: 15 min for an expert, up to 1-2 h for others
Anticipated results
As illustrated in Fig. 1 , the tools use the UniProt ID Mapping to map the uploaded IDs to the IDs in the PANTHER annotation dataset. Not all IDs can be mapped, mainly because of outdated IDs used in the uploaded list. The result of the mapping is summarized at the top of the results page (Figs. 6  and 7 ). The user can access the list of genes by clicking on the counts.
Step 6A: functional classification tool viewed in gene list page
This tool returns the results as a gene list webpage (Fig. 3) . The page displays all the IDs from the uploaded gene list and their mapped PANTHER sequence IDs, as well as annotation data. The page contains the following information:
• Gene ID-this is the identifier for the genes in the PANTHER library. The format is as follows: organism|gene database source=gene ID|protein database source=protein ID. The organism is denoted by the five-letter organism mnemonic code as listed at https://www.uniprot.org/taxonomy/. For example, HUMAN|HGNC=6218|UniProtKB=Q09470 is a human sequence; the gene sequence is from HGNC (Human Gene Nomenclature Committee; https://www.genenames.org/) with ID HGNC:6218, and the protein sequence is from UniProt with ID Q09470.
• Mapped IDs-IDs from the uploaded gene list that are mapped to the gene IDs in the first column. • Gene Name/Gene Symbol-the Entrez gene definition and gene symbol.
• PANTHER Family/Subfamily-the name and identifier of the PANTHER family or subfamily that the gene in the first column is in.
• PANTHER Protein Class-this is a PANTHER Index term describing protein classes. The default view shows only PANTHER Protein Class. You can view other annotation data by customizing the columns (see below).
• Species-the organism of the gene in column 1.
Step 6B: functional classification tool viewed in graphical chart
There are two types of charts in this option: pie chart (Fig. 4a ) and bar chart (Fig. 4b) . In either chart, the default view displays an overview of all ontology terms at the first (or most general) level within the same ontology. When a slice of the pie chart or a bar in the bar chart, which represents an ontology term, is clicked on, a new chart will appear that contains its child ontology terms.
Because one gene can be classified under more than one term, the pie chart is calculated on the basis of the number of 'hits' to the terms over the total number of class hits. A class hit means independent ontology terms. For example, if a gene is classified under two ontology terms that are not parent or child to each other, it counts as two class hits.
For the bar chart, the x-axis represents the classification terms (GO terms or pathway terms), and the y-axis indicates the number of genes annotated to each term.
When you place the computer mouse pointer over a slice or bar, the category name and a series of counts are displayed. In our example in Fig. 4a , the name is the GO term "metabolic process (GO:0008152)" followed by 1 the number of genes (212) from the uploaded list that are classified under the term 'metabolic process', The results can be exported as a tab-delimited file via the 'Export' link on the page.
Step 6C: statistical over-representation test
The results obtained with Fisher's exact test are displayed in a table (Fig. 6 ). If one test gene list is uploaded, the table contains eight columns of data (seven for the binomial distribution test).
1 The first column contains the name of the PANTHER classification category. If you are doing this analysis using the PANTHER Pathway annotation set, you can click on the pathway name to view the corresponding pathway diagram. For other analyses, the link will take you to more information about that category. 2 The second column contains the number of genes in the reference list that map to this particular PANTHER classification category. 3 The third column contains the observed number of genes in your uploaded list that map to this PANTHER classification category. 4 The fourth column contains the expected value (Box 2), which is the number of genes you would expect in your list for this PANTHER category, based on the reference list. 5 The fifth column shows the fold enrichment, which is the ratio of the value of column 3 (observed number) over that of column 4 (expected number). 6 The sixth column shows either + or -. A plus sign indicates over-representation of this category in the analyzed list: you observed more genes than expected on the basis of the reference list (for this category, the number of genes in your list is greater than the expected value). Conversely, a negative sign indicates under-representation, that is, fewer genes than expected. 7 For the results from Fisher's exact test, this column shows the raw P values. For the binomial distribution test, this column is the P value as determined by the binomial statistic. In either case, this is the probability that the number of genes you observed in this category occurred by chance (randomly), as determined by your reference list. 8 The eighth column is the Q value (the adjusted P value, reflecting the FDR) as calculated via the Benjamini-Hochberg procedure 
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Step 6D: statistical enrichment test
Reporting Summary
Further information on research design is available in the Nature Research Reporting Summary linked to this article.
Code availability
Source codes for various PANTHER software, including the PANTHER scoring tool, and the treebuilding tool (GIGA), can be downloaded at http://www.pantherdb.org/downloads/index.jsp.
Data availability
All PANTHER data are publicly available and can be downloaded at http://www.pantherdb.org/ downloads/index.jsp. For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf
